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ABSTRACT 
 
Locata’s positioning technology solution was developed as an alternative to 
GPS in ‘difficult’ GNSS environments. Previous research in this area has 
demonstrated the ability  of  Locata to  deliver  centimetre-level  positioning 
accuracy  using  carrier  phase  measurements.  In  the  current  system,  the 
floating point carrier phase ambiguities are commonly solved for using the 
technique of ‘static initialisation’, by commencing positioning on a precisely 
surveyed point. However, in practical kinematic applications it is preferable 
to be able to resolve the ambiguities ‘on-the-fly’. This paper will introduce 
an on-the-fly ambiguity resolution algorithm for Locata. In simulation tests 
integer  ambiguity  estimation  for  centimetre-level  to  sub-centimetre-level 
accuracy has been demonstrated. 
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1. INTRODUCTION 
 
When GPS/GNSS is unavailable, or cannot provide the level of accuracy necessary for certain 
applications, the Locata positioning technology could become an option. Locata is designed 
as  an  alternative  or  augmentation  to  GNSS  in  classically  ‘difficult’  GNSS  signal 
environments such as open pit mines, urban canyons and indoors (Barnes et al, 2003; Barnes 
et al, 2005; Montillet et al, 2007). Dual-frequency positioning signals in the 2.4GHz ISM 
band  are  transmitted  from  time-synchronised,  ground-based  transceivers  known  as 
LocataLites, which form a self-contained positioning network. Single point positioning with  
 
 
centimetre-level  accuracy  is  possible  when  carrier  phase  measurements  are  used,  which 
requires solving for the carrier phase ambiguity terms in a similar manner to GNSS. In the 
system‘s current design this is done through a ‘static initialisation’ on a precisely surveyed 
point. In practical kinematic applications however, it would be more convenient to be able to 
resolve the ambiguities ‘on-the-fly’. 
 
The on-the-fly ambiguity resolution algorithm introduced in this paper is based on the concept 
of nonlinear batch least squares estimation as described in Amt (2006). The spatial diversity 
in  the measurements,  which is  needed to  observe the ambiguity terms in  the observation 
equations, is created by moving the Locata user receiver during the ambiguity initialisation 
stage. The ambiguity float solution is then estimated in a least squares process using multi-
epoch measurements from the receiver’s initialisation trajectory. 
 
In Locata’s current system design the ambiguity terms are of a floating point nature, ruling 
out the application of integer ambiguity resolution concepts well known from GNSS precise 
positioning. Currently the manufacturer of Locata is working on improvements in design to 
ensure the ambiguity terms are integers, which will allow implementation of these approaches 
in the near future. In the research described in this paper, measurement data with integer 
ambiguity terms is simulated. The LAMBDA method is used to estimate integer ambiguities 
using the ambiguity float solution obtained in the batch least squares process. 
 
2. MATHEMATICAL MODEL 
 
2.1. Observation Equations 
 
The basic Locata carrier phase observation equation between user receiver   and LocataLite   
in cycles can be written as 
 
 
(1) 
where  is the carrier phase observation in cycles,  the wavelength of the signal,  is the 
gemoetric  range  from  receiver    to  LocataLite ,  the  tropospheric  delay,    the 
receiver clock error for receiver  ,   the integer ambiguity and   the remaining errors. Note 
that there is no transmitter clock error present in the observation equation due to the time-
synchronisation of the LocataLites.  
 
To cancel out the receiver clock error and reduce systematic biases in the measurements, the 
carrier phase observations of the same frequency are single-differenced. When   is chosen as 
the reference signal, and j is another signal of the same frequency, the single-difference  is 
defined as 
 
 
(2) 
 
The  unknown  parameters  are  the  receiver  coordinates    in  the  single-differenced 
geometric range 
 
 
(3) 
  
 
 
where  and   are the antenna coordinates of the LocataLites that transmit the 
signals   and , and the single-differenced integer ambiguity . The tropospheric delays in 
 must be estimated by an appropriate tropospheric model. The receiver clock error has 
cancelled out. 
 
2.2 Nonlinear Batch Least Squares Estimation 
 
In batch least squares, observations of several measurement epochs are simultaneously treated 
in a least squares estimation process to solve for the elements in the unknown state vector, 
which includes the receiver coordinates of each epoch as well as the integer ambiguity terms 
(which are assumed to remain constant over all epochs). 
 
For   measurement epochs with   single-differenced carrier phase observations per epoch the 
n*m-by-1 total measurement vector   can be written as 
 
 
 
(4) 
The 3n+m-by-1 unknown state vector   containing the receiver coordinates of   measurement 
epochs   and   integer ambiguity terms   is denoted as 
 
 
(5) 
The state vector   can be divided into a first part  containing the receiver coordinates of all 
measurement epochs, and a second part  containing the integer ambiguity terms 
 
  (6) 
The well known iterative least squares approach is applied  
  (7) 
to determine the state estimate   that fulfils the estimation criteria 
 
 
(8) 
where  is the vector of the observed-minus-calculated observations,   and  the vectors 
of coordinate and integer ambiguity increments, and  and   the Jacobian matrices of the 
coordinate and ambiguity part, respectively. Finally v is the vector of the measurement errors 
with   and . 
 
The block of partial derivatives to the coordinates is for one epoch (here ) the m-by-3 matrix 
 
(9) 
 
The total Jacobian matrix with respect to the coordinates of all measurement epochs is  
  
 
 
 
(10) 
 
The block of partial derivatives with respect to the ambiguity terms is an m-by-m identity 
matrix 
 
 
(11) 
The total Jacobian matrix with respect to the ambiguity terms of all measurement epochs is 
then composed as 
 
 
(12) 
The measurement quality matrix   is derived as follows. Single-differenced measurements 
of the same frequency are correlated because they have the reference measurement (from 
which  the  single-differences  are  obtained  by  subtraction  of  the  other  measurements)  in 
common. The covariance is therefore assumed to be half the variance. Only single-differenced 
measurements of the same epoch and the same frequency are correlated. With an even number 
of   single-differences,   of frequency S1 and   of frequency S2, the measurement m-
by-m quality matrix  for one epoch can be written as 
 
 
(13) 
The total observation variance matrix builds to the m*n-by-3m*n matrix 
 
 
(14) 
 
Finally, the normal equations can be formed  
  
 
 
 
(15) 
 
and solved by inversion of the left part for the increments of the estimates of the receiver 
coordinates  and  the  ambiguity  float  solution .  Once  the  iteration  has 
converged and  are obtained. 
 
The  float  coordinate  solution  can  be  calculated  for  the  whole  trajectory  using  the  float 
ambiguity vector . 
 
2.3. Integer Ambiguity Estimation 
 
The LAMBDA method (Teunissen, 2004; Jonge de et al., 1996) can be used to complete the 
ambiguity  resolution  process  in  equation  (15).  De-correlation  and  search  for  the  integer 
ambiguity set is performed, fulfilling the estimation criteria 
 
  (16) 
where   and  is the integer ambiguity vector. 
 
The fixed coordinate solution can then be calculated for the whole trajectory using the integer 
ambiguities. 
 
2.4. Quality of the Ambiguity Float Solution 
 
The ADOP indicator (Teunissen et al., 1997) is defined as  
 
  (17) 
where   is the m-by-m variance matrix of the ambiguities obtained from the inversion of the 
normal  equations  in  equation  (15).  ADOP  is  invariant  for  ambiguity  transformations,  so 
regardless of which LocataLite signal is chosen as the reference for single-differencing, the 
same ADOP-value is  obtained.  Its  value is  also invariant for the  Z-transformation  of the 
ambiguity variance matrix used to de-correlate the ambiguities in the LAMBDA method. In 
fact, if the ambiguities are completely de-correlated, ADOP equals the geometric mean of the 
standard deviations of the ambiguities. 
 
3. SIMULATION SETUP 
 
3.1. Dataset 
 
For the simulation, the geometry of an existing LocataNet was used (Figure 1 and Table 1). 
The  position  solution  from  a  car  test  carried  out  in  2008  served  as  the  true  trajectory. 
Measurements are assumed free from un-modelled systematic biases, only affected by white 
noise of 3mm in carrier phase and 1m in pseudorange.   
 
 
 
 
Figure 1: Simulated Network and Trajectory. 
 
 
Table 1: Local Coordinates of the Locatalites 
 
LocataLite  Antenna  Local East  Local North  Local Up 
1  Upper  0  0  0 
1  Lower  0.003  -0.021  -2.003 
2  Upper  -371.166  -1.883  -13.921 
2  Lower  -370.961  -2.015  -15.103 
3  Upper    309.928  493.650  -12.360 
3  Lower    309.743  493.497  -13.541 
4  Upper  188.614  -225.426  -7.678 
4  Lower  188.602  -225.424  -9.679 
5  Upper  -356.769  -349.588  -6.975 
5  Lower  -356.752  -349.582  -8.979 
 
 
3.2. Running Parameters 
 
On-the-fly  ambiguity  resolution  is  performed  at  the  beginning  of  the  trajectory  near 
LocataLite 1 while the car drives in circles of approximately 35m diameter. 25 approximately 
evenly distributed epochs on a circle were selected for the batch least squares estimation. 
Once the car had completed a full circle, the ambiguity float solution was obtained by the 
process described in section 1. For the integer ambiguity estimation, a ratio test was used to 
discriminate  between  the  best  and  second  best  integer  ambiguity  set  obtained  from 
LAMBDA. The threshold value was chosen as .  
 
4. SIMULATION RESULTS 
 
4.1. Representative Example 
 
While  the  car  with  the  mounted  receiver  was  completing  a  full  circle,  25  approximately 
evenly distributed measurement epochs were chosen for the batch least squares estimation, as 
illustrated in  
Figure 2. The approximate coordinates of each epoch were computed using a pseudorange- 
 
 
only solution. 
 
 
Figure 2: Epoch Selection for the Batch Least Squares Estimation. 
(Measurements of 25 epochs, evenly distributed over one circle of the car’s trajectory) 
 
The batch least squares process was executed as described in section 1, which yielded the 
estimated ambiguity float solution in  
.  The  comparison  with  the  true  ambiguity  values  indicates  mean  ambiguity  errors  of 
0.53cycles (equivalent to 6.6cm) and a maximum error in the ambiguity term 16 of 0.75cycles 
(equivalent to 9.5cm). The ADOP value calculated from the ambiguity variance matrix is 
0.0113. 
 
Table 2: Comparison of Estimated Float Ambiguities and True Ambiguities 
 
Amb Nr  Frequency  Float Estimate  True Ambiguity  Difference 
1  S1  -100.05  -100  0.05 
2  S1  -400.50  -400  0.50 
3  S1  -500.51  -500  0.51 
4  S1  -800.44  -800  0.44 
5  S1  -900.45  -900  0.45 
6  S1  -1200.75  -1200  0.74 
7  S1  -1300.75  -1300  0.75 
8  S1  -1600.64  -1600  0.64 
9  S1  -1700.65  -1700  0.65 
10  S6  -100.05  -100  0.05 
11  S6  -400.50  -400  0.50 
12  S6  -500.51  -500  0.51 
13  S6  -800.44  -800  0.44 
14  S6  -900.45  -900  0.45 
15  S6  -1200.75  -1200  0.75 
16  S6  -1300.76  -1300  0.76 
17  S6  -1600.66  -1600  0.66 
18  S6  -1700.65  -1700  0.65 
  
 
 
 
Applying the  LAMBDA method to  the ambiguity float  solution  yields  the two estimated 
integer ambiguity sets with the lowest square norms listed in  
.  The  best  candidate  is  tested  by  a  square  norm  ratio  test.  The  candidate  set  of  integer 
ambiguities is accepted. 
 
Table 3: Integer Ambiguity Estimation with LAMBDA 
 
Amb Nr  Float Estimate  Best Cand.  2
nd-best Cand. 
1  -100.05  -100  -100 
2  -400.50  -400  -401 
3  -500.51  -500  -501 
4  -800.44  -800  -800 
5  -900.45  -900  -900 
6  -1200.75  -1200  -1202 
7  -1300.75  -1300  -1302 
8  -1600.64  -1600  -1602 
9  -1700.65  -1700  -1702 
10  -100.05  -100  -100 
11  -400.50  -400  -401 
12  -500.51  -500  -501 
13  -800.44  -800  -800 
14  -900.45  -900  -900 
15  -1200.75  -1200  -1202 
16  -1300.76  -1300  -1302 
17  -1600.66  -1600  -1602 
18  -1700.65  -1700  -1702 
Square norm    23.6  409.6 
SQ ratio    0.058   
SQ threshold    0.333   
 
 
Coordinate solutions based on both the ambiguity float and integer solutions were calculated 
and compared with the true trajectory. A detailed portion showing the improved accuracy of 
the fixed solution can be seen in Figure 3. Absolute 2D and 3D coordinate errors of the float 
and fixed solution  are illustrated in  Figure  4 and  Figure  5. The  coordinate float  solution 
appears to be biased by the errors in the ambiguity float solution (see  
). Most of the bias affects the height component resulting in 3D errors of up to 25cm, while 
the  2D  errors  are  approximately  3cm.  The  coordinate  ambiguity-fixed  solution  is  more 
accurate,  with  2D  errors  being  reduced  to  the  sub-centimetre  level  and  3D  errors  hardly 
exceeding 5cm. 
      
 
 
 
Figure 3: Detail of True, Float and Fixed Coordinate Solutions. 
The float solution is biased by several centimetres in 2D while the fixed solution is at the millimetre-
level. 
 
 
 
Figure 4: 2D and 3D Coordinate Errors in the Float Solution. 
The ambiguity errors result in coordinate bias of approximately 2cm in 2D and between 5 and 12cm in 
3D. 
 
 
 
 
Figure 5: 2D and 3D Coordinate Errors in the Fixed Solution. 
Millimetre-level 2D accuracy is achieved with the fixed solution, with 3D errors at the centimetre-
level. 
 
4.2. Ambiguity Quality Analysis 
 
To assess the quality of the on-the-fly ambiguity resolution, the process above was simulated 
1000 times. The quality indicators noted in   
 
 
 were derived. 
 
Table 4: Quality Indicators for On-the-fly Ambiguity Resolution 
(Q0.9 represents the 0.9 quantile of ambiguity errors). 
 
Parameter  1000 Runs 
Errors in Float Ambiguities   
Mean  0.3074 
Q0.9  0.6624 
Max  1.7448 
ADOP Values   
Min  0.0113 
Mean  0.0113 
Max  0.0114 
LAMBDA    
Success Percentage  100% 
Ratio Test Value (µ>1/3)   
Min   0.0139 
Mean  0.0486 
Max  0.1037 
Errors in Float Coordinate Solution    
Mean 3D  0.1253 
Max 3D  0.6949 
Mean 2D  0.0145 
Max 2D  0.0496 
Errors in Fixed Coordinate Solution    
Mean 3D  0.0226 
Max 3D  0.0576 
Mean 2D  0.0037 
Max 2D  0.0045 
 
 
The results indicate that the batch least squares process is able to estimate the ambiguity terms 
with errors less than a cycle most of the time. This implies 2D centimetre-level positioning 
with  the float  solution,  while 3D float  solution errors are considerably higher due to  the 
poorly observable vertical component. Integer ambiguity estimation is successful in all 1000 
simulation runs, with validation using the ratio test resulting in square norm ratios well below 
the test threshold in all cases. It must be noted that there were no un-modelled systematic 
errors  in  the  simulated  measurement  data  (such  as  multipath),  which  benefits  successful 
integer ambiguity estimation. Nevertheless, the fixed coordinate solution achieves millimetre-
level 2D accuracy and centimetre-level 3D accuracy. 
 
5. CONCLUDING REMARKS 
 
In this paper an on-the-fly ambiguity resolution algorithm for the Locata positioning system 
based on the concept of nonlinear batch least squares estimation has been introduced. It was 
demonstrated that this algorithm is suitable for calculating an ambiguity float solution. In 
anticipation of ongoing developments of the Locata’s design, measurement data with integer 
ambiguity terms have been simulated. Integer ambiguities were successfully determined from 
the float solution using the LAMBDA method.  
 
 
 
The simulation results indicate that for the selected network setup and receiver trajectory, 
centimetre-level  coordinate  accuracy  with  on-the-fly  ambiguity  resolution  for  Locata  is 
possible. The resulting ambiguity float solution implies centimetre-level 2D positioning with 
decimetre-level height errors affecting 3D accuracy. The ambiguity-fixed solution improves 
2D positioning accuracy to the centimetre to sub-centimetre-level, with reduced height errors 
being of the order of several centimetres. 
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